However, as natural bone is often of variable quality and if it is not from the same person as the recipient, it may lead to possible disease transmission. Synthetic HAP with well defined properties offers a good, safer alternative bone graft material which can help the body to repair bone defects 6, 7 . Recently, HAP has found interesting applications in other areas such as a support for adsorption of bacteria or viruses, for ammonia catalysis, as a catalyst support material, support bone ingrowths and osseointegration when used in orthopaedic, dental and maxillofacial applications [16] [17] [18] [19] [20] . Thereof, the synthesis of HAP has been a major subject for chemists and material scientists for many years since it is one of the most important and versatile bioceramics [21] [22] [23] [24] [25] [26] . With the ever-growing need to develop clean, non-toxic and environmentally friendly techniques, HAP powders have been extracted using bio products like corals 1 , cuttlefish shells 2 , natural gypsum 3 , natural calcite 4 , bovine bone [5] , etc. Chemical analysis has shown that these products which are otherwise considered as biowaste are rich sources of calcium in the form of carbonates and oxide. One of such biowastes is chicken eggshells. Everyday million tons of eggshells are generated as biowaste around the globe. Eggshell represents 11 % of the total weight of the egg and is largely composed of calcium carbonate (minerals calcite) 97 % and organic matter 3% [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . This material is an unwanted byproduct after the production of eggs and egg derivatives. Normally, manufacturers and factories store the material or dispose of it as an unwanted polluting industrial residue 22, 23 .
EXPERIMENTAL Preparation of HAP nanoparticles
Hydroxyapatite (HAP) nanoparticles were prepared by chemical precipitation via aqueous slurries comprising of biowaste chicken bone and phosphoric acid. In the first step, uncrushed and washed raw chicken bone were collected and mechanically cleaned,
Characterization
The crystal phase and structure of the samples were determined by X-ray diffraction (XRD) using a Shimadzu diffractometer (Shimadzu-Japan) Microstructure and chemical composition were determined using JEOL 6300 Scanning Electron Microscope (SEM) equipped with JEOL Electron Dispersive Spectrometer (EDS) at a 5 KV accelerating potential. Prior to Microstructure and chemical composition were determined using JEOL 6300 Scanning Electron Microscope (SEM) equipped with JEOL Electron Dispersive Spectrometer (EDS) at a 5 KV accelerating potential. Prior to observation, the surface of the samples was coated with a thin, electric conductive copper film. Fourier transformed infrared (FTIR) spectroscopy using FT-IR 1750 (Perkin-Elmer Instruments), Electrical conductivity was measured by the fourpoint probe method. Rectangular shape samples of dimensions 4 x 3 x 3 cm were cut from the sintered pellets and then coated with Indium electrodes. The dielectric properties such as dielectric constant and dielectric loss were carried out using RLC bridge (Grounding RLC-Germany)
RESULTS AND DISCUSSION
The HAP nanopowders were characterized by broad peaks with no secondary phases indicating that the synthesized HAP was pure and in a good match to JCPDS pattern 09-432) with a crystallite size of about 22nm as calculated using the Debye Scherrer equation. It is seen that the crystallinity of HAP nanopowders increased with heat treatment temperature. (2b)]. It is noted also that the HAP powders are stable at high temperatures and there was no secondary phase formation which is rather surprising compared to the literature. [10] [11] [12] [13] [14] [15] The Reitveld refinements also confirm the stability of the HAP phase without any decomposition or formation of secondary phases (see Table 1 and Fig. 2b ). Crystallite sizes were calculated from X-ray data and as expected, increasing heat-treatment temperature resulted in an increase in crystallite size, crystal structure at various temperatures are illustrated in Fig. (3) . For the in situ XRD, it can be clearly seen that the a-axis decreases while c-axis increases with increasing temperature. Chemical composition analysis was carried out using EDS and the results are reported in Table 2 . It was observed that the ratio Ca/P for both the green and heat-treated samples is ca. 1.69, which can be compared to a value of 1.67 which Fig. (4a) ] for the green sample while after heat-treatment at 1200°C , the particles become sub-100 micron in size [ Fig. (4c) ].
Crystallinity, Densification factor, surface area and flexural strength of green and heat treated of HAP at different temperature are reported in Table   3 . Based on Table 3 results, higher of densification factor tend to harden the sintered HAP bodied to the interlocking of crystalline phase and plate-like microstructure of HAP.
The structure of the powder was analyzed using FT-IR spectroscopy after dried at 100 °C, as shown in Fig. (5) . The FT-IR spectra exhibit distinct strong bands for green and heat-treated HAP (1200°C for 2 hours). In the FT-IR analysis, mainly the peaks for PO 4 3-and OH -groups in the hydroxyapatite can be identified in Fig. 6 . These FTIR spectra reveal peaks similar to those expected for HAP [12] . The peak at 3571 cm -1 (strong) and 633 cm -1 correspond to the stretching mode (υ s ) and the liberational mode (υ L ) of hydroxyl, respectively. The peaks at 1430 and 1410 cm -1 correspond to stretching mode (υ 3 ) of carbonate in HA. The weak peak at 880 cm -1 corresponds to bending mode (υ 2 ) of carbonate which also diminishes at high temperatures analogous to the peaks at 1430 and 1410 cm -1 . Peaks at 602 and 564 cm -1 correspond to the bending mode (υ 4 ) of the O-P-O linkage. The temperature dependence of the electrical conductivity (σ) of heat-treated HAP up to 700 °C is shown in Fig. (6) . Secondly, the increase of charge carrying proton density due to OH -and O 2-leads to ... (6) And/or to an OH -ions interacting with the double bonded oxygen of a PO 4 3-groups as follows:
... (7) In both cases, protons must be delocalized between O 2-anions in channels or PO 4 3-groups. Dehydration appears to be always initiated by thermally activated excess protons delocalized on the conduction. In this case, excess protons move through the lattice and become trapped onto OH -lattice sites. H 2 O molecules are formed which may eventually be repelled from the lattice, if they happen to be near the surface (or they can be redissolved in apatite structure). It is seen that the conductivity increases with increasing temperature.
At relatively low temperatures the electrical conductivity slightly increases. This can be explained as frozen equilibrium between defects and charge carriers. With increasing temperature, the conductivity rapidly increased. There are two possible reasons for increasing conductivity with temperature. Firstly, the hydroxyl ions migration through vacancies in the center of Ca ion triangle planes along the c-axis of the hexagonal structure of HAP. In addition, the transport of OH -vacancies along the c-axis enhanced the conduction mechanism in the conductivity of HAP. On the basis of σ (T) obtained, the activation energy (E a ) of the charge conduction process can be determined according to the following equation [20] :
... (8) where σ stands for electric conductivity, σ 0 for pre-exponential factor, T for temperature, and K for the Boltzmann's constant.
The estimated value of E a was ca. 1.77 eV and this was in good agreement with published data [14] [15] [16] .
The hopping energy (E h ) was calculated using the following relation [19] :
... (9) The calculated value of E h was about 2.91 eV. Notably, the value of E a was much less than the value of . This strongly suggested that the conduction mechanism of HAP was governed by a proton hopping mechanism 21 .
The dielectric constant and dielectric loss versus frequency for sintered HAP at 1250 °C is presented in Fig. 7 . Notably, as we start increasing the frequency, both the dielectric constant and dielectric loss decrease. Dielectric absorption was not recorded beyond 10 6 Hz. There can be three possible reasons which evoked the observed decrease of both dielectric constant and loss with increasing frequency. Firstly, the relaxation time and ionic species of dielectric polarization are greatly reduced by increasing frequency, resulting in decreasing both dielectric constant and dielectric loss. Secondly, the decrease of dielectric constant with frequency is due to the coulomb interactions of the charge carriers and the disorder within the structure, suggesting a Maxwell Wagner mechanism 26 . Thirdly, interfacial polarization is expected as dispersion occurs in the bulk properties from the charging of interfaces within the matrix.
CONCLUSION
Hydroxyapatite nanoparticles can successfully be produced by chemical precipitation technique from biowaste chicken bone and phosphoric acid solution as starting materials. Furthermore, the use of biowaste chicken bone via this method should also be applicable for the synthesis of other bioactive calcium phosphate and related biomedical materials. The temperature dependence of the electrical conductivity showed an increase with increasing temperature, except at low temperatures where a slight increase was observed. This was explained as frozen equilibrium between concentrations of defects and charge carriers. With increasing temperature, the conductivity rapidly increased and a likely conduction mechanism of a proton was proposed. The dielectric constant and dielectric loss decrease as a function of frequency with increasing frequency up to 10 6 Hz and then level off. This is due to the relaxation time and ionic species of dielectric polarization are greatly reduced by increasing the frequency.
